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1ABSTRACT
This thesis is concerned with the development of static-
vapour atomic-absorption methods for the determination of
mercury(II) and bismuth(III) in solution.
Part I of this thesis deals with the determination of
mercury(II). Mercury(II) is reduced by tin(II) chloride to
mercury(O), which is partitioned between an aqueous phase and
air inside a stoppered 4-cm UV-cello Absorbance is read
as the light passed through the air space of the cell. Back-
ground absorption is reduced and precision improved by introducing
organic solvents into the reaction mixture or by silanization
of the cell so that background correction is not necessary.
The peak absorbance exhibited a marked decline for hydrochloric
acid concentrations above 0.5M and for nitric acid concentrations
above 2M. The calibration graph obtained for mercury(II) in
4.5M sulfuric acid (5.0 ml) reduced with 0.5 ml of 0.5%(w/v)
of tin (II) chloride using a silanized 4-cm cell is linear from
0-20 ppb, the sensitivity and detection limit were 0.13 ppb and
0.27 ng/ml respectively. Calibration curves for the 1-cm and
2-cm silanized cells and 1-cm, 2-cm and 4-cm non-silanized cells
for solutions containing 10%(w/v) of ethanol have also been
constructed. A number of ions were found to interfere with the
determination of mercury(II). The accuracy of the proposed
method was checked by determining the mercury content in standard
reference materials,
2Part II of this thesis deals with the determination of
bismuth(III) utilizing hydride generation but no carrier gas.
Bismuth(III) contained in an 8-ml vial is reduced to the hydride
by the addition of sodium borohydride solution. The hydride
is brought into the electrically-heated absorption tube by
either hydrogen generated in the reduction or by water displacement.
Unfortunately, erratic results were obtained. An attempt to
improve the method by in situ generation of nitrogen also failed.
The third and remaining part of this thesis also deals with
the determination of bismuth(III). The method is basically the
same as that described in Part II except that a carrier gas is
used. The sample solution is acidified with 0.25M hydrochloric
acid before 1% sodium borohydride solution is injected through
a Teflon tubing into an,8-ml vial. The liberated hydride is
carried into the electrically-heated absorption tube by nitrogen.
The optimum nitrogen flow rate is 0,15 1/min, and the 223.1 nm
line is used. The calibration graph for bismuth(III) was
found to be linear from 0-20 ppb and the sensitivity was 0.12 ppb.
Interference on the determination of bismuth(III) was studied
and the accuracy of the method was checked by determining the
bismuth content in two standard reference materials.
3CHAPTER ONE
GENERAL INTRODUCTION
Before atomic absorption methods were developed,
spectroscopic methods for elemental analysis relied either
on solution colorimetric methods or atomic emission
spectroscopy.
Since the atomic absorption technique was introduced
by Walsh1 in 1955, rapid advances have been made in both
the method of analysis and instrumentation. Many analyses
which have proved difficult or extremely time-consuming
by other methods became routine, and today atomic absorption
is often the method of choice in elemental analysis
especially at low concentration.
Analysis by atomic absorption depends entirely on the fact
that free uncombined atoms will absorb light of a particular
wavelength. The key to successful operation of an atomic-
absorption spectrophotometer lies in generating a supply
of free uncombined atoms in the ground state and exposing
this atom population to light at the characteristic absorption
wavelength.
Traditionally, flame atomizers are employed for atomic
4absorption measurements. When an aqueous solution of an
inorganic salt is aspirated into the hot flame of a burner,
a substantial fraction of the metallic constituents are
reduced to the elemental state. To a much lesser extent,
monatomic ions are also formed. Thus, within the flame
is produced a gaseous solution or plasma containing a
significant concentration of elmentary particles.
For flames of temperature below 3000°K, which are
usually used in atomic-absorption spectrophotometry, the
number of excited atoms is negligibly small when compared
to the number of ground state atoms. Therefore, the
intensity of the transmitted radiation It can be described
by an equation analogous to the Lambert-Beer Lavi:
where Io. and. It are the intensity of the incident and
transmitted radiation at Ao k is the absorption coefficient at
the length of the absorption path.
Thus,
absorbance
where k k/2.303. Hence, the absorbance is directly
proportional to the concentration of absorbing atoms far
Aoc is the concentration of the absorbing atoms and 1 is
5d given aosorotlon oath length at a given wavelength
In terns of reproducible behaviour, flame atomization
appears to be superior to all other methods (e.g. electric
arc atomization, high voltage spark atomization, and electron
bombardment atomization) that have been thus far developed.
In terms of sampling efficiency (and thus sensitivity),
however, other atomization methods are markedly better.
Two reasons for the lower sample efficiency of the flame
can be cited. Firstly, a large portion of the sample flows
down the drain or is not completely atomized. Secondly,
the residence time of individual atoms in the optical bath
in the flame is brief.( 10-4s).
Since 1970, nonflame atomizers have appeared on the
market. These devices generally provide enhanced sensitivity
because the entire sample is atomized in a short period and
the average residence time of the atoms in the optical path
is a second or mores Besides., nonflame atomizers offer the
advantage of unusually high sensitivity for small volumes
of sample. The sensitivity is up to 1000 times greater
than those obtained with flames.
Recently, a number of static cold-vapour atomic--absorption
methods for the determination of mercury have been reported
6in the literaturec2. The static methods have the advantages
that no carrier gas need be used, no reduction in sensitivity
because of the dilution by the carrier gas, and no Moisture
traps need be used to prevent fogging
The purpose of the present work is to devise static-
vapour atomic-absorption methods for the determination of
mercury and bismuth. This thesis is divided into three parts,
Part I of this thesis deals with the static cold-vapour
method for the determination of mercury by atomic-absorption
spectroscopy based on the method proposed by Tong3. Part II
of this thesis deals with the determination of bismuth
by atomic absorption spectroscopy using a non-flame atomizer
after hydride generation in a reduction vessel similar to
that described for the determination of mercury 2a Part III
of this thesis also deals with the determination of bismuth
by atomic-absorption spectroscopy. The basic experimental
set up was very similar to that described in Part II except
that a carrier gas was allowed to pass through the system.
REFERENCES
(1) A. Walsh, Snec trochim. Ac ta, 7, 108 (1955)
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PART I
STATIC COLD-VAPOUR ATOMIC-ABSORPTION METHOD
FOR THE DETERMINATION OF MERCURY
9CHAPTER TWO
INTIR0DUCTION
The marked progress in the determination of Mercury
stems from the development of non-flame atornic absorption
and fluorescence analytical methods now available to most
laboratories. These non-flame methods are, in principle,
simple and. sensitive but in practice the accur,ate determin= tion
of Mercury in natural samples is difficult, and this has
contributed a great deal to the growth of the literatre
on analytical Techniques.
The techniques for the determination of mercury by
non-flame atomic absorption or fluorescence can be conveniently
assigned to one of three groups according to the method
used to provide elemental monatomic vapour for the analysis,.
In the first, mercury is already in the vapour form, i. e.
the sample is air or gas containing mercury vapour, and
sample treatment is not required or is minimal. In the
second, mercury volatilized from solid or liquid samples
by heat is then determined in the vapour phase directly or
after a preliminary concentration in an absorbing agent.
In the third, mercury in solution is separated by a variety
of physical and chemical means such as that of reduction to
eletiiental mercury followed by aeration to release the monatomic
mercury. vapour.
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The early r:nercury vapour meters such as that of
V-ioodson1 consisted simply of a tube to contain the mercury
vapour through which light from an ultraviolet lamp pas.ed
to a photoelectric cell- from whose output the -sorption
by mercury was determined. However, this method is subjected
to over-estimation caused by molecular absorption by
organic and inorganic species or by light scattering loss
from smoke, dust, and particulate material.
The release of mercury from a sample by heating may
be followed directly by its determination in a. one-stage
process, or by an intermediate concentration step constituted
the early methods for mercury determination in the solid
or liquid samples. Two kinds of heating method were used,
one wasyrolsis while the other was combustion.
The principal disadvantage of simple pyrolytic and
combustion furance methods is also the difficulty of preventing
organic vapours or other volatile products from interfering
with the determination. An alternative method uses acid
digestion of the sample to dissolve the mercury and wet
oxidation to decompose organic compounds. The mercury can
then be volatilized from the solution by the reduction-
aeration method followed by atomic-absorption determination,
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The principle used is that described by Poluektov et.aL2,3,
whereby mercury(II) is reduced to mercury(O) with tin(II)
ions. The resultant elemental mercury is swept out of
solution with a carrier gas and directed to an absorption
cell where the atomic absorption signal of mercury is
measured.
In the method of Hatch and Otto, which has formed the
basis for most subsequent work, the solution obtained by
digestion of a solid sample with sulphuric acid was oxidized
with hydrogen peroxide and potassium permanganate, treated
with a mixed solution of sodium chloride and hydroxy-
ammonium sulphate and finally reduced with tin(II) sulphate,
Air was bubbled through the solution and passed through
a magnesium perchlorate drier into the atomic absorption cell,
whence the mercury-laden air was recirculated through the
system. Many improvements to the method5 have reduced the
detection limit to as low as 0.001 ppb of mercury,
The reduction-aeration methods described above suffer
from a reduction in sensitivity because the mercury vapour
is diluted by the carrier gas, and the use of cell windows
requires the incorporation of moisture traps to prevent
fogging. These traps, however, introduce undesirable memory
effects because of the complicated air train em-oloyede
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Moisture traps are not essential if the absorption cell
is heated, but then a heating device such as a light bulb
needs to be present above the cell. Moreover, for large
samples, this method requires a longer time to reach equilibrium.
To overcome the problems mentioned above, a number of methods
involving no carrier gas have been reported.
Stainton6 developed a syringe procedure where mercury
was partitioned between sample solution and air in the
syringe used to inject the mercury-laden air into the
absorption cello Sensitivity was good at 0.2 g/l of mercury
in solution.
Clinton7 described a static vapour apparatus where the
mercury vapour was simply transferred to the absorption
cell by displacing it from the reaction vessel with tap
water, and the mercury was subsequently removed by suction.
Another simple apparatus which used water displacement to
transfer the equilibrated mercury vapor was devised by
Chapman and Dale8. The water was added from a reparatory
funnel and the absorption cell had no end windows to avoid
the condensation problem.
Recently, Hon et. a19 devised a static cold-vapour
atomic-absorption method for the determination of mercury
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using a very simple and inexpensive apparatus. The mercury-
laden air was forced into the absorption cell by water
displacement. Maximum sensitivity was obtained when the
volume of the displaced air was equal to the internal volume
of the absorption cell and the mercury solution was 9M in
sulphuric acid. A windowless absorption cell could also be
used with narrower linear calibration range.
A very simple stationary cold-vapour method for the
determination of mercury has been proposed by Tong10 in
which a stoppered k-cm UV-cell was used for the reduction
of mercury (II), and the partition of the reduced mercury
between the liquid and gas phases. Direct atomic absorption
measurement was then taken by allowing the mercury resonant
light beam to pass through the vapour phase of the system,
while non-atomic absorption was corrected using an automatic
background corrector. The apparatus used in Tong's method
was undoubtedly very simple. The major disadvantages of
this method are that it is not expected to be as sensitive
as those using absorption cells which are usually 15 cm
long, and that this method requires the use of background
corrector, thus making the method not as simple as it appears.
In Tong's method, it is expected that during agitation
of the solution by shaking, the solution will splash on the
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cell walls and adhere there even though the cell is allowed
to stand for equilibrium. As a result, Tong observed that
the absorbance reading usually became stabilized only 30 seconds
after insertion of the cell into the holder even when a
background corrector was used. Initial fluctuations observed
were suspected by Tong to be due to the thin film of liquid
adhered to the cell windows. Conceivably if the background
absorption is minimized by reducing the chance that the
solution adheres to the cell walls, the background corrector
will then be dispensable,
The purpose of the present work was to develop a method
for the determination of mercury based on Tong's method, which
does not require any background corrector. The various attempts
to reduce background absorption are described. The optimum
experimental conditions for the determination, the sensitivity,
precision, accuracy and the effect of foreign ions on the
proposed method are also reported.
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CHAPTER TEREE
EXPERIMENTAL
(I) Apparatus
All atomic absorption measurements were made on a
Perkin-Elmer Model 360 Atomic-Absorption Spectrometer. A
Varian Techtron mercury hollow-cathode lamp was used as
the light source and the wavelength was set at 253.7 nm.
The lamp current used was 4.5 mA, the slit used was 0.7 nm,
and the gain was set at 50. The reduction vessel was a
4-cm silica UV-cell which was previously silanized. The
burner in the atomization compartment was replaced by a
cell holder (see Fig. 3-1) for the 4-cm cell. The rotational
adjustment knob, horizontal adjustment knob and the vertical
adjustment knob of the burner nebuliser system were used
to adjust the position of the cell until the light path
passed through the upper part of the cell.
(II) Silanization of the UV-cell
The 4-cm silica UV-cell was cleaned by heating it with
a 1:1 HNO3 solution for 30 minutes. It was then immersed
in cleaning solution overnight. The cell was rinsed with
distilled water and dried, 'The cell was then filled with
a 5% solution of dimethyldichlorosilane in carbon tetrachloride,
A: UV-cell
B: plastic holder
C: aluminium plates
D: holder for burner
Figs 3-1
Schematic diagram for the apparatus
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and the solvent wcs allowed to evaporate at room temperature
in a fume-cupboard. After all the solvent had evaporated,
the cell was baked overnight in an oven at 1100C
(III) Reagents
All reagents used were of analytical reagent grade.,
A stock solution containing 1000 ppm of mercury was
prepared by dissolving 1.3535 g of mercury(II) chloride
in 50 ml of concentrated hydrochloric acid and diluting
to 1 litre with distilled water. From this stock solution,
working standard solutions were freshly prepared by appropriate
dilution with a solution containing 1%(v/v) HNO3 and
0.002/(w/v) KMnO11.
The reductant was a 005/(w/v) tin(II) chloride solution,
which was prepared by dissolving 0®5 g of tin (II) chloride
in 100 ml of 0.5M hydrochloric acid,
(IV) Procedure
The silanized silica UV-cell was placed in the cell
holder and the position was aligned in the middle of the light
path. The instrument zero was set automatically, the optical
path was cut off by an opaque object to see whether there
was a full-scale absorption. If there was not, either
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the warm up period was not long enough or the lamp current
was not high enough and the latter quite often happened when
the Varian Techtron lamps were used with the Perkin-Elmer
atomic-absorption spectrometer. The background signal
was traced on a recorder and it was considered acceptable
when the base line on the recorder was straight. The cell
was taken out from the cell holder and an aliquot (5 ml)
of the sample solution was pipetted into the cell followed
by 0.5 ml of the 0.5% tin(II) chloride solution„ The
cell was immediately stoppered and its contents shaken
manually for 70 sec. it was then put back into the cell
holder and the absorbance was read. The stopper was removed
and the cell was rinsed three times with distilled water.
(V) Digestion of real samples
1. Mercury standard dissolved in oil and cyclohexanebutyric
acid mercurvfTT') salt
Approximately 1 g of the oil sample or 0.1 g of the
mercury(II) salt were weighed, and placed separately in a
100-ml Kjeldhal digestion flask® The sample was treated
with 15 ml of concentrated sulfuric acid and heated at boiling
for 4 hours. After allowing the reaction mixture to cool,
15 ml of nitric acid was added, and heating was resumed at
a rate to cause the nitric acid to distil over a period
of an hour and the temperature rise to 350°C before heating
was interrupted. The reaction mixture was allowed to cool,
and 15 ml of perchloric acid was added, and then heating was
resumed at such a rate as to cause perchloric acid to distil
from the sulfuric acid solution. The solution that remained
was allowed to cool at room temperature, and was diluted with
distilled water.
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CHAPTER FOUR
RESULTS AND DISCUSSION
(I) Reduction of background absorption
1. Addition of organic solvents
Our first attempt to reduce background absorption was
to add organic solvents to the aqueous solution, since
most organic solvents do not wet glass to the same extent
as water.
We have tried various organic solvents, namely, acetone,
n-butanol, iso-butanol, dioxane, ethanol, methanol, propanol,
and iso-propanol. Solvent mixtures containing 10/(w/v)
of the respective organic solvent in water were used. Besides,
a solution without adding any organic solvent was used as
a control. The standard or blank solution was made 4.5M in H2S04
and 1 /HNO3 plus 0.002/KMnO4. An aliquot (3 ml) of the solution was
p.ipetted into a 2-cm cell followed by the addition of 0.5 ml
of 0.5/ solution of tin(II) chloride. The cell was stoppered
tightly and the absorbance of mercury at 253.7 nm was
measured after the reaction mixture was hand shaken for
1 min. The results are collected in Table 4-1 (a), The
mean absorbance, standard deviation and relative standard
deviation were calculated and tabulated in Table 4-1 (b).
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Table 4~1 (a): The effect of organic solvents on the absorbance
of 30 ng of mercury in 3 of 4.5M sulfuric
acid containing 10% (wv) of organic solvent,
a 2-cm cell being used
Absorbance at 253.7 nm
Organic solvent addedl
Trial no. None Acetone n-butanol iso-butanol
1
2
3
4
5
6
7
8
9
10
0.336
0.313
0.283
0.326
0.305
0.287
0.291
0.346
0.253
0.291
0.259
O.246
0.257
0.249
0.239
0.242
0.256
0.266
0.252
0.243
0.169
0.168
0.171
0.168
0.193
0.174
0.171
0.189
0.169
0.179
0.179
0.111
0.163
0.210
0.111
0.212
0.111
0.210
0.155
0.125
Trial no. Ethanol Dioxane Methanol Propanol Iso-propanol
1
2
3
4
5
6
7
8
9
10
0.205
0.197
0.189
0.209
0.183
0.183
0.197
0.197
0.189
0.189
0.118
0.101
0.121
0.153
0.101
0.140
0.106
0.128
0.141
0.123
0.233
0.210
0.210
0.207
0.207
0.207
0.203
0.210
0.211
0.212
0.281
0.284
0.271
0.267
0.259
0.264
0.242
0.267
0.257
0.271
0.269
0.233
0.233
0.230
0.255
0.230
0.237
0.262
0,251
0.247
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Table 4-1 (b): The mean absorbance, standard deviation and
relative standard deviation for the determination
of 30 ng mercury in 3 ml of L495M sulfuric
acid containing 10%(w/v) of organic solvent
Organic solvent Mean Standard Relative standard
added x deviation deviation %(r
None 0,303 0.027 8©8
Acetone 8.18 x 10-3Oe251 3.3
n-butanol 0.175 8.60 x 10-3 4.9
iso-butanol 0.0110.159 25.8
Ethanol 0.194 8.30 x 10-3 4o3
Dioxane 0.0170.123 13.7
Methanol 0.211 7.75 x 10-3 3.7
n-propanol 0,266 0.011 403
iso-propanol 0.245 00013 5®5
Similarly, the effect of organic solvents were studied
using a 1-cm cell and a 4-cm cell. For a 1-cm cell, 1.5 ml
of 10 ppb mercury(II) standard in 4®5M H2SO4 and 1% HNO3
plus 0.002% KMnO4 solution was used, and 0.5 ml of 0.5%
SnC12 solution was used as the reducing agent and appropriate
volume of the organic solvent was added to make up to a
10%(w/v) solution of the organic solvent. The relative
standard deviations of 10 replicate determinations of the
mercury standard solution were calculated. For a 4-cm
cell, 5 nil of 10 ppb mercury(II) standard in 5M H2S0
and 1% HNO plus 0002% KMnO solution was pipetted into
the cell instead®
The results of using different cells are summarized
in Table Zf-2®
Table 4-2: The relative standard deviation (%r) of the absorbance
measured in cells with different lengths and the
solution containing 10%(Wv) of organic solvent
Organic solvent
added
Relative standard deviation (%r)
1-cm cell 2-cm cell Zf~cm cell
None
Acetone
n-butanol
iso-butanol
Ethanol
Dioxane
Methanol
n-propanol
iso-propanol
29.8
4.5
4.9
13.5
8.8
33
4.9
25. 8
4.3
13.7
3.7
4.3
5.5
5.3
3,5
4.7
9.3
It can be seen from Table -2 that the addition of
nearly all the organic solvents used except iso-butanol
and dioxane can cause a remarkable improvement in the precision,,
Organic solvents such as acetone, ethanol, and methanol that
are miscible with water give more satisfactory results.
The organic solvent chosen for our experiment must satisfy
three criteria. The first criterion is that it should give
a high precision; secondly, the sensitivity should be high,
and thirdly, the background absorption should be low. Since
the precision has been determined, we then estimate the
sensitivity in the following manner. Sensitivity is defined
as the concentration of mercury which will produce 1 per cent
light absorption, and was calculated using the expression
(0.00m), where m is the; slope of the calibration curve.
The slope,m, was estimated by comparing the absorbance of
the blank solution with that of a 10 ppb mercury standard
solution, both measured under conditions as mentioned previously.
The results are collected in Table h~3®
Results in Table h-3 show that although the precision
in water was the worst, the sensitivity is the best. The
reduction in sensitivity in the presence of organic solvents
may be ascribed to the lowering in the partial pressure
Table 4-3 The effect of organic solvents on the sensitivity
Sensitivity (ppb)
Solvent added 1-cm cell 2-crn cell 4-cm cell
None 0,507 0.209 0a 126
Acetone
Methanol
Ethanol
n-propanol
iso-propanol
n-butanol
iso-butanol
Dioxane
0.579
0.526
1.522
0.275
0.275
0o 275
0.275
0.275
0.440
0.440
0.880
0.146
O.142
0.629
of mercury vapour in the presence of the more volatile
organic solvents. The reduction may also be due partly
to the higher solubility of mercury in organic solvents.
The solubilities of mercury at 25°C are known to vary
from about 10 mole1 for aromatic and aliphatic hydrocarbons
and ethers to about 10' mole1 for water
The values of the background absorption in the presence
of 10% (wv) of the organic solvent under study were
measured and tabulated in Table 4~4o It can be seen that
all except n-propanol were able to reduce the background
absorption, methanol and ethanol being the two most effective
Table 4-4: The background absorption in the presence of
10% (wv) of the organic solvent measured by
a 2-cm cell
Solvent added Background absorption
None
Acetone
Methanol
Ethanol
n-propanol
iso-propano]
n-butanol
iso-butanol
Dioxane
0o 102
0091
0.050
0,034
0.106
0.084
0.075
0o057
0.071
Thus, by considering their effects on the precision,
sensitivity and background absorption, both methanol and
ethanol can be chosen as solvents to be added to the standard
or blank solutions, and ethanol is better since it is not
toxic. In summary, by adding ethanol to the aqueous
solution, it is possible to reduce the background absorption
and improve the precision for the determination of mercury
using the silica cell as both reduction vessel and absorption
cell, though the sensitivity is reduced somewhat.
2. Silanization of the silica cell
If the reduction in sensitivity is considered undesirable,
an alternative way to reduce background absorption had
to be sought. Our second attempt was to coat the cell with
a water repellant to render the cell walls non-wettable
by aqueous solutions. A water repellant commonly used to
coat gas-chromatographic columns is dimethyldichlorosilane,
and the resulting coating is not attacked by strong acids
or bases. We have silanizea a 1-cm cell, 2-cm cell and a
U-cm cell with dimethyldichlorosilane.
The precision obtained using the silanized cells were
expressed as the relative standard deviations of ten replicate
determinations of a mercury standard solution (10 ppb).
The volume of sample solution used for a 1-cm cell was
1.5 ml, for a 2-cm cell was 30 ml and for a 4-cm cell was
5.0 ml. The reductant used for each case was 0.5 ml of
0.5% tin (II) chloride solution. The sensitivity was also
estimated as described previously. The results are tabulated
in Table 4-5.
Table 4~5 The precision and estimated sensitivity using
silanized cells
Absorbance
1-cm cell 2-cm cell 2-cm cell
Relative standard
deviation (%n) 2.5 2.9 3.16
Sensitivity (ppb) 0.458 0.216 0.119
Background absorption 0.021 0.021 0.021
The results using the silanized cells were satisfactory
since the sensitivity was found to be unaffected by silanization
(e.g. the sensitivity for a 2-cm silanized cell was 0.216 ppb
compared with 0.209 ppb in water using a non-silanized c©ll)3
and yet the precision was around 3%, ad the background
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absorption was low. Therefore, we used the silanized cells
for all subsequent experiments.
In the course of our experiments, we found that the
background absorption caused by pure water was small, and
the sizable background absorption was due to the reagents.
This was confirmed by measuring the background absorption
at 253.7 nm due to water and the reagent blank, using a
Varian Techtron mercury lamp as the light source. The
data obtained are collected in Table 4+-6.
(II) Optimization of experimental conditions
1. Selection of oxidant used to stabilize the standard solutions
Like many heavy metal ions, mercury(II) disappears from
solution by adsorption to container walls and by volatilization 12
Oxidizing agents dissolved in dilute nitric acid have been
suggested as possible preservative for mercury(II) solutions
at the ppb concentration levels. Two common oxidizing agents
used are potassium permanganate (0.002%) plus 1% (v/v) nitric
acid and potassium dichromate (0.01%) plus 5/ (v/v) nitric acid.
Table 4-6: Background absorption measured at 2537 nm using
a Varian Techtron mercury lamp as the light source
Background absorption
4~cm silanized 4-cm non-silanized
cell cell
5 ml water
5 ml water
+
0.75 oil ethanol
5 ml water
+
0.5 ml 0.5% SnCl
0.01
0.03
0.01
0.02
0.06
5 ml 4.5M H2S0T
0.5 oil 0.5% SnCl
5.5 oil 4.5M H2S04
5.5 ml 4.5M H2S02
0.75 oil ethanol
0.03
0.005
0.09
0.02
0.02
5 ml 4.5M E?SOl
+
0.5 oil 0.5% SnClp
+
0.75 ml ethanol
0.04
We first used acidic potassium permanganate as the
preservative and measured the absorbance of a 20 ppb mercury(II)
solution in a 4-cm cell. The results obtained are shown in
Table 4-7
Table 4-7: Absorbance of 20 ppb mercury(II) standard solution
in 0.002% KMnO plus 1% HNO using a Zf-cm cell,
reductant being 05 nil of 0.5% SnCl solution and
shaking time 70 seconds
Trial number 1 2 3
Absorbance O.67 0.69 0.66
The experiment was repeated using acidic potassium
dichromate as preservative. The results obtained are shown
in Table Zf-8.
Table Zf-8: Absorbance of 20 ppb mercury(II) standard solution
in 0.01% PCrpOy plus 5% HNO-j using a m cell,
reductant being 0.5 nil of 0.5% SnC solution.and
shaking time 70 seconds
Trial number 1 2 3
Absorbance 0.570 0.580 0.575
Since the absorbance of mercury was about 20% higher
in acidic potassium permanganate compared with the corresponding
value in acidic potassium dichromate, we chose acidic potassium
permanganate as the preservative for the mercury(II) standard
solutions. Since, we prepared our working standard solutions
fresh everyday, acidic potassium permanganate would be a
satisfactory preservative.
2. Effect of shaking time
In Tongfs method, each solution was shaken for 2 minutes
before absorbance was taken We studied the effect of shaking
time on the absorbance of 5 ml of a 20 ppb mercury(II)
solution in 0002% potassium permanganate plus 1% nitric
acid, the reductant being 05 nil 05% tin(II) chloride solution
The results are tabulated in Table 4-9 and plotted graphically
in Fig.4-1.
It can be seen from Fig4-1 that the absorbance value
became steady after the solution was shaken for 70 seconds,
so in our subsequent experiments,all solutions were hand
shaken in the cell for 70 seconds before absorbance measurement
was made
It is worthy to note that the absorbance signal was
quite steady as can be seen from the data in Table 4-10,
where waiting time was the time interval between the insertion
of the cell into the cell-holder and the measurement of
the signal. The data in Table 4-10 was also plotted as
shown in Fig.4-20
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Table 4-9: The effect of shaking time on the absorbance of
a 20 ppb mercury(II) solution contained in a
4-cm cell
Time of shaking (second) Absorbance
10
20
30
40
50
60
70
80
90
0.31
0.47
0.56
0.62
0.64
0.65
0.6 7
0.67
0.67
Table 4-10: The effect of waiting time on the absorbance of
a 20 ppb mercury(II) solution contained in a 4-cm cell
Waiting time (second) Absorbance
0
10
20
30
40
50
0.670
0.665
0.665
0.670
0.670
0.675
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0.3
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Shaking time (second)
Fig 4-1
The effect of shaking time on the absorbance of
a 20 ppb mercury(II) solution contained in. a if-cm eel]
D
O
£
CO
5H
O
CO
r0
Waiting time (second)
Fig. 4-2
The effect of waiting time on the absorbance of a
20 ppb mercury(II) solution contained in a 4-cm cell
Thus the absorbance reading can be taken immediately
after insertion of the cell.This is different from Tong's
method, where initial fluctuations were observed in the
absorbance reading, and the reading became stabilized about
30 seconds after insertion of the cell into the holder® In
this respect, our method is better even when we do not use
the fancy background corrector.
3 The effect of the volume of air
The absorbance of mercury is very dependent on the
partition of the reduced mercury between the aqueous phase
and the air space above it® Koirtyohann and Khalil found
that the numerical value of the partition constant, K,
defined as the ratio of the concentration of mercury in air
to that in liquid, was about 0.Afo This suggests that the
solution can still retain a considerable amount of elemental
mercury. Since the internal volume of a stoppered cell is
fixed, larger the volume of liquid, smaller will be the
volume of air above it, and vice versa. Thus, it is interesting
to study how the absorbance is affected by the volume of
Air
The absorbance of 50 ng of mercury(II) in a 1-cm cell
was measured after being reduced by 0.1 ml of 0«5% tin(II)
chloride and hand shaken for 90 seconds The volume of
air above the solution was varied by adding different amounts
of the acidic potassium permanganate solution to the cell,
and the internal volume of the 1 -cm cell vas found to be
1.7 ml. The results are collected in Table f —11.
Table 4-11: The absorbance of a 50 ng of mercury(II) contained
in a 1-cm cell
Volume of the Volume of air Absorbance
liquid nhase (ml) Vair (ml) (A) 1 A
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.5
1.4
1.3
1 .2
1.1
1 .0
0.9
0.8
0.7
0.6
0.509
0.494
0.449
0.446
0.385
0.384
0.378
0.359
0.333
0.322
1.96
2.02
2.23
2.24
2.60
2.60
2.65
2.79
3.00
3.11
38
04,551
o.50
o.45
0.40
o.35
0.30
0.5 0.90.7 1.1 1.3 1.5
Volume of air (ml)
Fig, 4-3
The effect of the volume of the air space on the absorbance
of 50 ng of mercury(II) contained in a 1-cm cell
Absorbance(A)
The results are plotted in Fig® 4-3 where it can be seen
that the absorbance increases with the volume of air3
although the relation is not linear.
A similar experiment was performed where different
volumes of a 20 ppb mercury(II) standard solution were added
to the cell to avoid the effect of dilution0 Since the amount
of mercury(II) added varied, it is necessary to calculate
the peak absorbance per ng of mercury(II) added (A) for
comparision purposes.The results are collected in Table
and the values of A were plotted against the volume of air
in the cell (Vair.) as shown in Fig. 4-4. It can be seen
that a similar trend was observed.
Furthermore, it can be shown that the reciprocal of
the concentration of mercury in the air space equals (m- nV.),
where m and n are constants. Since A in Table 4-11 or
A in Table 4-12 is proportional to the concentration of
mercury in the air space, a plot of lA or 1A against Vair
should be linear with a negative slope. This can also be
verified experimentally (see Fig. 4-5 and Fig. 4-6)
Despite the above experimental finding, it is not practical
to use the smallest possible volume of sample solution to
yield the maximum volume of air in the cell. We chose to
Table 4-12: The absorbance of mercury(II) in a 4-crn cell
(internal volume, 11 ml)
Volume of the Volume of Abeorbanc© Absorbanceng Hg 1A
liquid phase air« V.9 air
A
1.0 ml
1 .2 ml
1. 4 ml
1 .5 nil
20 ml
25 ml
30 ml
3c 5 ml
4.0 ml
4.5 ml
5-0 ml
5® 5 ml
6.0 ml
6.5 ml
7.0 ml
100 ml
98 ml
9®6 ml
9.5 ml
90 ml
8e5 ml
8e0 ml
75 ml
7.0 ml
6.5 ml
6o0 ml
5.5 ml
50 ml
45 ml
4.0 ml
0100
Go 135
0© 165
0©180
0.255
0.310
0.385
0. 430
0.490
0© 550'
0© 600
o© 640
0.680
0.730
0.780
1.0 x 10
96 x 10
92 X 10
90 x 10
8©5 x 10
7.8 x 10
77 x 10
7®2 x 10
70 x 10
6©9 x 10
6«2 x 10
64 x 10
6c2 x 10
6©1 x 10
6®0 x 10
100
104
109
111
11 8
129
130
139
143
145
150
1 56
161
1 64
167
Volume of air (ml)
Fig. 4-4
The effect of the volume of the air space on the
absorbance per ng of mercury using a 4-cm cell
3.0
2.8
2.6
2.4
2.2
2.C
0o5 0.7 0.9 1.1 1.3 1.5
Volume of air (ml)
Fige £f~5
The relationship between 1A and the volume of the
air space, where A is the absorbance of a 50 ng of
mercury(II) contained in a 1-cm cell
Volume of air (ml)
Fig, 4-6
The relationship between 11 and the volume of the
air space, where 5 is the absorbance per ng of mercury
using a 4-cm cell
use 5 ral sample solution, which should be sufficiently large
for most analysis to yield measurable absorbance values.
4. The effect of acids
Koirtyohann and Khalil found that sulfuric acid
is the only common acid showing a significant effect on the
partition constant, K, On the other hand, Tongy found that
the peak absorbance reading was strongly dependent on the
acidic medium. The effect of the three common acids on
the peak absorbance of a constant mass of the mercury (50 ng)
were studied and the results are shown graphically in
Fig, 4-7 The relevant absorbance data are shown in Table
Although our results are, in general, similar to those
previously reported by Tong, there are two important differences.
Firstly, we found that the peak absorbance exhibited a
marked decrease for hydrochloric acid concentrations above
0.5M instead of 1.0M, and for nitric acid concentrations
above 1.25M instead of 1.0M. Secondly, the absorbance observed
in 45M sulfuric acid was about 1,5 times the maximum
absorbance in either nitric acid or hydrochloric acid, whereas
Tongy reported the maximum absorbance in all three acids
to be around 0,25o The decrease in absorbance in nitric acid
Table 4-13: The effect of acid on the absorbance of 50 ng of
mercury(II) dissolved in 5 ml of the respective
acid and reduced by 0.5 nil of 0.5% tin(II) chloride
(cell length, 4 cm; shaking time, 70 seconds)
Acid concentration Absorbance
( M) in HNO in HC1 in ELSO,
0 0. 240 0.240 0.240
0.10
0.25
0.40
0.50
0.80
1.00
1.20
1.50
2.00
2.50
3.00
4.00
4.50
0.240
0.255
0.280
0.260
0.220
0.210
0.120
0
0
0.240
0.240
0.240
0.240
0.230
0.220
0.200
0.160
0.060
0
0
0
0.260
0.310
0.330
0.350
0.370
Concentration of acid (M)
Fig. 4-7
The effect of common acids on the determination
of 50 ng of mercury
may be ascribed to its ability to dissolve mercury3 and to
its oxidizing properties, which will make the reduction of
mercury (II) ion by tin (II) chloride more difficult. On
the other hand, high concentration of chloride ion will make
the reduction of raercury(I) more difficult as evidenced by
much smaller standard reduction potential of the couple
HgCl (s)Hg (0268 V) compared with that of the couple
£20 (s)Hg (0«6l5 V)0 The comparatively high absorbance
at higher sulfuric acid concentration may be attributed to
the comparatively greater ease of reduction of the mercury
ions superimposed on a greater partition constant in this
acido
We chose to use sulfuric acid concentration of f®5M
and not higher because the corrosive nature of the acid at
higher concentrations makes it less desirable and less
convenient to use, although the absorbance values are expected
to increase further at higher sulfuric acid concentrations.
5. The effect of tin(II) chloride
The commonest reducing agent used for the determination
of mercury is tin(II) chloride. The effect of the concentration
of tin(II) chloride in 0.5M hydrochloric acid (05 ml) on
the absorbance of 50 ng of mercury(II) in 5 ml of f.5M
sulfuric acid was studied and the results are shown graphically
in Fig. 4-8. The relevant absorbance data are shown in
Table 4-14.
Table 4-14: The effect of the concentration of tin(II) chloride
on the absorbance of 50 ng of mercury(II) dissolved
in 5 ml of 4.5M sulfuric acid (cell length, 4 cm;
shaking time, 70 seconds)
Tin(II) chloride concentration Absorbance
% (wv)
0.20
0.40
0.50
0.55
0.60
0.70
0.80
0.90
1.00
1.20
0.245
0.545
0.370
0.370
0.370
0.365
0.355
0.350
0.340
0.315
Concentration of tin(II) chloride (%,vtv)
Fig, 4-8
The effect of concentration of tin(II) chloride
on the absorbance of 50 ng mercury(II)
The absorbance was found to exhibit a maximum value at
tin(II) chloride concentration around 05% (wv). The slight
decrease in absorbance value at concentration of tin(II)
chloride above 05% may be attributed, at least partly, to
the effect of chloride,. The concentration of tin(II) chloride
used for subsequent measurements was chosen to be 05% (wv),
and at this concentration, there will be sufficient tin(II)
ions to reduce all the mercury(II) ions in our sample or
standard solutions, in the working range.
6„ The effect of foreign ions
Depressive interferences on the determination of mercury
by nitrate, perchlorate, sulfate, oxalate, phosphate, sulfite,
sulfide, thiosulfate, and by cations such as silver have
been observed1 Serious depression by selenium and tellurium
have also been reported.
The effect of hydrochloric, nitric and sulfuric acids
have been dealt with in the previous section The effect
of the ions mentioned above together with several ions which
can be reduced by borohydride or which form complexes with
mercury(II) were examined by applying the method to a fixed
amount of mercury(II) and adding different amounts of the ions
studied one at each time.
51
Solutions of silver(I) and lead(II) were prepared by
dissolving the corresponding nitrates in water and in 1%
nitric acid solution respectively. Solution of SbO was
prepared by dissolving the potassium antimony tartrate
hemihydrate in distilled water® Arsenite solution was
prepared by dissolving arsenious oxide in 20% potassium
hydroxide solutions which was then neutralized® Solutions
of the other metals or hydride-forming elements were
prepared by dissolving the elemental form in nitric acid
except aluminium and cobalt which were dissolved in hydrochloric
acid.
The criterion for an interference was an absorbance
value varying ±5% from the expected value® Results of the
interference studies are shown in Tables 4-15() and 4-15 (b),
Table 4-15 (a): The effect of the metal ions and hydride
forming elements on the determination of
20 ng mercury
Interferents Molar ratio
(Mercury:Interferent)
Mercury found
(ng)
% error
As (as H?AsOz) 1: 1
1: 10
1:100
20® 0
20 c 0
19.9
0
0
-05
Bi (as Bi+3)
Ge (as GeO2)
Pb (as Pb+2)
Sb (as SbO+)
Se (as H2Se03)
Te (as TeO2)
1: 1
1: 10
1: 100
1: 1
1: 10
1: 100
1: 1
1: 10
1: 100
1: 0.1
1: 0.1
1: 0.5
1: 1
1: 10
1: 100
1: 1
1: 5
1: 10
1: 100
1: 1
1: 10
1: 25
1: 50
1: 100
20.0
19.6
19.6
20.0
20.0
19.6
20.0
20.0
20.0
19.1
19.0
18.6
17.9
16.4
12.4
19.6
19.1
18.4
15.5
19.3
19.3
18.9
18.5
17.9
0
-2.0
-2.0
0
0
0.20
0
0
0
-4.5
-5.0
-7.0
-10.5
-18.0
-38.0
-2.0
-4. 5
-8.0
-22.5
-3.5
-3.5
-5.5
-7.5
-10.5
Ag (as Ag)
A1 (as A1 J)
Cd (as Cd+
Co (as Co
Cu (as Cu
Fe (as Fe
Ni (as Ni
1: 100
1: 1000
1: 1
1: 10
1: 100
1: 100
1: 100
1: 1
1: 100
1: 1000
1: 1
1: 10
1: 100
1: 2000
1: 10
1: 50
1: 100
20.0
20.0
20.0
20.0
20.0
19.4
19.4
20.0
19.6
19.0
20.0
20.0
19.6
19.4
19.4
18.8
18.2
0
0
0
0
0
-5.0
-3.0
0
—2.0
-5.0
0
0
-2.0
-3.0
-3.0
-6.0
—9.0
Table 4-15 (b): The effect of the common anions on the
determination of 80 ng mercury
Anions Molar ratio Mercury found % error
(Mercury: Anion) (ng)
Br
CIO,
k
C 0
I
PO, 5
1: 0.3
1: 3
1: 30
1: 300
1: 1500
1: 250
1: 2500
1: 250
1: 2500
1: 0.1
1: 0.2
1: 1
1: 2
1: 250
1: 250C
1:0.8
1:
1: 8
1: 20
i• An
76.0
7k. 0
73.0
72.0
62.0
80.0
80.0
73.0
73.0
76.0
71.0
60.0
47.0
80.0
80.0
78.3
76.7
75.9
73.7
66 o 4
-50
-75
-8.8
-10.0
-22. 5
0
0
-25
-2, 5
-5.0
-11 3
-25.0
-4U3
0
0
-2.1
-4.1
-5.1
-7.9
-17.0
1: 0.25
1: 2.5
1: 25
1: 250
1: 2500
76.0
76.0
74.0
73.0
47.0
-5.0
-5.0
-7.5
-8.8
-1.3
1:01
1:1
1:10
1:100
1:250
76.0
76.0
76.0
75.0
34.0
-5.0
-5.0
-5.0
-60 3
-57,5
It can be seen from Table 4-15 (a) that the hydride-
forming elements arsenic, bismuth germanium and lead did
not interfere with the mercury determination even when the
mole ratio (mercury: interfering ion) was 1: 100 in each
case Tellurium and selenium did not interfere when the mole
ratio were 1: 10 and 1: 5 respectively Serious interference
was caused by antimony. Cadmium, iron, cobalt, nickel,
copper and silver did not interfere. It was noted that when
Ag(I) was added to the standard solution it was precipitated
by the chloride ion present in the standard solution, and
the silver chloride was filtered before the experiment was
continued.
SO3-2
SO3-2
Phosphate, oxalate and perchlorate did not interfere.
There was no interference from sulfite, sulfide and thiosulfate
when the mole ratios were 1: 25• 8, and 1: 100
respectively. Bromide interfered seriously arid iodide very
seriously with the mercury determination.
Although many cations and anions do not interfere, yet
a number of them do cause serious interference with the
mercury determination® Thus, it is best to use standard
addition method to determine mercury in real samples to reduce
matrix interference effects.
(III) Calibration graphs
Calibration graphs using both silanized and nori-silanized
cells were prepared, and in the latter case, the standard
solutions contained 10% (wv) of ethanol. The volume of
standard solution used were 1.5 ml 3.0 ml for the 1-cm
and 2-cm cells.The calibration graphs are shown in
Fig. A~9 to Fig.4-11 and Fig. 4-12 to Fig, if-1if, and the
relevant absorbance data are collected in Table if-16 and
Table if-17 respectively.
The calibration graphs for the silanized cell was
linear in the range of 0-60 ppb mercury for the 1-cm cell,
0-30 ppb for the 2-cm cell and 0-20 ppb for the if-cm cell.
Table if— 16: Data for the determination of mercury with
silanized cells
Concentration Absorbance
(ppb) 1-cm cell 2-cm cell 4-cm cell
Blank 0.021 0.021 0.021
2
5
8
10
15
20
25
30
40
50
60
0.115
0.204
0.282
0.332
0.423
0.499
0.126
0.230
0.310
0.427
0.596
' 0.739
0.084
0.190
0.290
0.370
0.525
0.675
0.810
Slope (m, ppb 7.8 x1C 0.019 0.033
Intercept (on Y-axis)3.5 x1C 2.9 x1C 2,45 x1C
Correlation
Coefficient
0.9977 0.9990 0.9994
Sensitivity
(0.0044nij ppb)
0.56 0.23 0.13
Working range (ppb) 0-60 0-40 0 -25
Table 4-17: Data for the determination of mercury with
non-silanized cells
Concentration Absorbance
(ppb) 1-cm cell 2-cm cell it-cm cell
Blank 0.025 0.055 0.100
5
10
15
20
25
0.065
0.110
0.145
0.165
0.190
0.120
0.205
0.285
0.365
0.440
0.250
O.410
0.580
0.70
0.800
Slope (m, ppb1) 7.2 x 10-3 1.6 x 102 3.2 x 1C-2
Intercept (on I-axis) 3.0 x 10-2 4.9 X 102 9.4 x 102
Correlation coefficient 0.9920 0,9995 0.9998
Sensitivity
(0e0044ms ppb)
0.61 0.28 0.14
Working range (ppb) 0-25 0-25 0-25
They gave a correlation coefficient of 0o9977s 0,9990, and
0.9994 and a slope of 7.8 x 10 0®019 and 0o033 ppb
for the 1-cm, 2-cm and 4-cm cells respectively,,
On the other hand, the calibration graphs obtained
Concentration of mercury (ppb)
Fig. 4-9
Calibration curve for the determination of
mercury with a 1-cm silanized cell
Concentration of mercury (ppb)
Fig. 4-10
Calibration curve for the determination of
mercury with a 2-cm silanized cell
Concentration of mercury (ppb)
Fig 4-11
Calibration curve for the determination of
mercury with 4-cm silanized cell
Concentration of mercury (ppb)
Fig. 4-12
Calibration curve for the determination of
mercury with a 1-cm non-silanized cell
Concentration of mercury (ppb)
Fig. 4-13
Calibration curve for the determination og
mercury with a 2-cm non-silanized cell
Concentration of mercury (ppb)
Fig, 4-14
Calibration curve for the determination of
mercury with a 4-cm non-silanized cell
using the non-silanized cells had comparatively narrower
linear ranges and smaller slopes when compared with the resp-
ective silanized cells having the same cell-length.
The sensitivity or characteristic concentration is
013 ppb of mercury in 4.5M sulfuric acid for 1% light-
absorption in the silanized if-cm cell, and that for the
non-silanized Zf-cm cell, the sensitivity is 0ol ppb. The
sensitivity of the proposed method using both silanized and
non-silanized Zf-cm cells are better than that obtained by
Tong (0.17 ppb) and compared favorably with the reduction-
aeration method or other static cold—vapour methods but
is worse than that (008 ppb) reported previously by
Hon et. al.9
(IV) Detection limit
Detection limit was defined as the concentration that
yields an absorbance twice that of the standard deviation
of a series of at least ten determinations at or near blank
level. The detection limit for the determination of mercury
using both silanized and non-silanized Zf-cm cells were
determined and the results are shown in Table Zj.-18©
It can be seen that the detection limit using the
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Table 4-18: Data for the determination of detection limit
for mercury using both silanized and non-silanized
4-cm cells
Silanized cel: non-silanized cell
Concentration of
0.50.5
solution (ppb
0.090 0.1000.0250.025Absorbance
0.0950.030 0.1050,020values
0.030 0.030 0.090 0.105
0.025 0.020 0.095 0.090
0.020 0.030 00095 0.095
Standard
4.38 x 10 5.68 x 10-3
deviation
Detection limit
0.350.27
(ng)
the silanized cell was slightly better than that using the
non-silanized cell. This difference arose mainly from a
slightly higher precision obtained with the silanized cell.
(V) Accuracy
The accuracy of the proposed method using the silanized
4-cm cell was checked by determining the mercury content in
two Merck standards for mercury. The Merck standards were
cyclohexanebutyric acid mercury(II) salt certified to contain
38.9% of mercury (oil-soluble standard for AAS, E.Merck, Art.4431)
and 1 gkg of mercury (mercury standard dissolved in oil,
E.Merck, Art. 15063)? respectively. Owing to the volatility
of mercury, the ashing of the samples were done by wet-ashing
methods instead of dry ashing around 550 C. The results of
the determination are collected in Table 4-19o
Table 4-19: Determination of mercury content in the Merck standards
Samiple Hg contained Hg found % error
Cyclohexanebutyric
acid mercury(II) salt
(E.Merck, Art. 4431)
38.9% 3968%
3994%
+ 2.01%
+ 2.67%
Mercury standard
dissolved in oil
(E.Merck. Art. 15063)
1 gkg 1.024 gkg
1.036 gkg
+ 2.40%
+ 3.60%
The mercury content for the standard reference materials
agree well with the certified values, demonstrating the accuracy
of this method.
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(VI) Conclusion
The proposed static cold-vapour atomic-absorption method
for the determination of mercury is extremely simple. It
requires no special. apparatus or carrier gas, other than
a silanized 4-cm UV-cello The cell holder can be made easily.
Silanization is also easy to perform and the resulting coating
resists corrosion. Background correction is not necessary.
No carrier gas nor vacuum pump is needed to remove the residual
mercury vapour from the system. One disadvantage of the
method is that the silica cell was taken out of the cell holder
after each measurement. Fortunately, with a little care,
reproducible results can be obtained.
After optimization, the sensitivity or characteristic
concentration is 0 ®13 ppb of mercury (I I), and this is compared
with those obtained by other static cold-vapour methods (see
Table 4-20).
It can be seen from Table 4-20 that the sensitivity of
the proposed method is better than all except that reported
by Hon et.al. The proposed method is expected to-be less
sensitive than the other methods using a much longer absorption
tube, however, since 5 ml of solution is used in the proposed
method, the difference is actually smaller than expected.
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Table 4-10: Comparision of static cold-vapour methods for
the determination of mercury using atomic-
absorption spectrometry
SensitivityMethod
0.2 ng/mlHawley & Ingle5
0.2 ng/mlStainton6
0.12 ng/ml using 10 ml sampleClinton7
1 ng as characteristic massChapman & Dale8
0.08 ng/mlHon et.al9
Tong 10
0.17 ng/ml
0.13 ng/mlPresent work
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PART II
STATIC METHOD FOR THE ATOMIC-ABSORPTION
DETERMINATION OF BISMUTH AFTER
HYDRIDE GENERATION
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CHAPTER FIVE
INTRODUCTION
Most elements of the group III, IV, V, AND VI are
known to form covalent hydrides® These elements include
aluminum, antimony, arsenic, bismuth, boron, germanium,
lead, phosphorus, selenium, silicon, tellurium, tin and
titanium® Of these thirteen elements, eight have been
induced to form covalent hydrides in sufficient amounts
to be of practical analytical use, and these are antimony,
arsenic, bismuth, germanium, lead, selenium, tellurium
and tin.
Holak was the first to suggest the conversion of
arsenic compounds to arsine by the conventional arsine
generation method prior to introduction of the hydride
into the air-acetylene flame for analysis® The method
involved prereducing the sample with hydrochloric acid
(AM) and stannous chloride in the presence of potassium
iodide, and then adding granular zinc to initiate the evolution
of the hydride, which was condensed in a U-tube immersed in
liquid nitrogen. When the reaction was completed, the
arsine was brought to room temperature and swept out of the
tube by nitrogen into the flame.
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Dalton and Malanoski2 were the first to report the
direct aspiration of arsine into a flame without the use
of a collection device. The generated arsine was led directly
to the argon-hydrogen-entrained air flame. instead of an
air-acetylene flame, This was done with some loss in
sensitivity. However, the background absorption by the
argon-hydrogen flame was lower.
Fernandez and Manning3 collected the arsine together
with the hydrogen generated in a balloon reservior and
then valved to the flame in a short time. This arrangement
preserved the integration feature of Holak's method1, but
required a much shorter elapsed analytical time. This
apparatus was further improved by Manning'. A total reduction
time of 4-5 minutes using tin(II) chloride-hydrochloric
acid-potassium iodide-zinc is normal for this method. It
was suggested by Manning that the'technique might also be
applied to the generation of the gaseous hydrides of antimony
and bismuth.
Pollock and West5 determined bismuth, antimony and
tellurium using a magnesium-titanium(III) chloride reduction.
Chu et, al6 used a flameless method. The arsine evolved
was swept into an electrically-heated absorption tube using
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argon as carrier gas, The flameless approacri eliminates
almost all background absorption signal, which is observed
in the hydrogen-argon-entrained air flame, for which the
background is already low, and allows a further increase
in sensitivity by a factor of about two,
Schmidt and Royer7 determined selenium, antimony, and
bismuth, Pollock and West8 determined germanium, and
Fernandez9 determined tin and tellurium with an argon-
hydrogen flame and using sodium borohydride as the reducing
agent to generate the hydrides.
Thompson and Thomersonl0 used a flame-heated silica
tube as atomizer to determine several hydride-forming elementE
after hydride generation. The sensitivities were better
than those obtained by direct introduction of the hydrides
into the argon-hydrogen flame. However, the silica tube
used was cumbersome,
Hon et, al11 modified the set-up of Thompson and
Thomerson10, and a simple T-tube made of quartz was used
instead. Arsenic, bismuth, lead, antimony, selenium and
tin were determined. The hydride generation vessel used
was a round-bottom tube (7 cm x 3 cm i.d) with an inlet
near the bottom and fitted with a rubber bung carrying a
septum and an outlet tube (4 mm i.d .)
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The objective of this work was to devise a static-
vapour atomic-absorption method for the determination of
hydride-forming elements after hydride formation, using
bismuth as an example. The experimental set-up was similar
to that described by Hon et.al for mercury using a capped
vial as the reduction or hydride-generation vessel, but
the absorption tube was electrically heated. If this
method works, no carrier gas need be used and it will be
more sensitive than those reported previously since the
reduction vessel is small and the hydride generated is not
diluted with any carrier gas. Strictly speaking, the method
under investigation is not static in nature since considerable
amount of hydrogen is generated during the reduction by
borohydride, unless the acidity is kept extremely low.
The term static is used here to mean no carrier gas such
as nitrogen from a cylinder is being used. Unfortunately,
the results obtained were very erratic. Attempts to improve
the precision of the method are described.
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CHAPTER SIX
EXPERIMENTAL
(I) Apparatus
Results were obtained by using a Perkin-Elmer Model 360
Atomic-Absorption Spectrophotometer, a Varian Techtron
bismuth hollow cathode lamp and a recorder used in the
10-mv range. The wavelength and band width were set at
223.1.nm and 0.7 nm respectively. The lamp current was 8 mA
and energy gain was 50. The burner head of the instrument
was removed and replaced by an aluminium plate. The
absorption cell was a T-tube, made from transparent Vitreosil
fused quartz (20 cm x 0.7 cm i.d.) and the side-arm had
an internal diameter of 0.4 cm. It was heated electrically
and housed in a box made of asbestos to reduce heat loss.
The quartz tube assembly was mounted on the aluminium plate
( see Fig. 6.1 )a
The generated hydride was introduced into the quartz
tube through the side-arm by water displacement or by the
hydrogen gas, which was also produced during the reductiono
The hydride generation vessel was an ordinary glass
vial (4.5 cm x 1.5 cm i.d) with a screw-cap whose liner
was removed and replaced with a layer of silicone-rubber.
Two pieces of Teflon tubings passed through the screw--cap.
A: Absorption tube
B: Side-arm
C: Heating coil
D: Box made of asbestos plates
E: Aluminium plate
F: Hydride generation vial
(A.5 cm x 15 cm idj
G: Silicone rubber
H: Magnetic stirring bar
I: Magnetic stirrer
J: PTFE tubing (23 cm x 2 mm odj
K: PTFE tubing (9 cm x 1 mm o4dJ
Fig 6-1
Schematic diagram for the apparatus
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Tubing J (23 cm x 2 mm o.d.) connected the reaction vial
to the side arm of the quartz tube and was the outlet for
the hydride, Tubing K (9cm x 1 mm o.d,) had about 3.5 cm
of its length inside the vial and was used for the injection
of the reducing agent with a syringe into the vial.
(II) Reagents
All reagents used were of analytical-reagent grade..
A stock solution containing 1000 p. p®m. of bismuth was
prepared by dissolving 1.0000 g of bismuth in a minimum
volume of 1:1 nitric acid and diluting to 1 litre with
2% nitric acid. From this stock solution, standard solutions
were prepared by appropriate dilution with 0.05M hydrochloric
acid.
Sodium borohydride( sodium tetrahydroborate) solution
(1%, w/v) was prepared by dissolving 1 g of sodium borohydride
in 100 ml distilled water with prior addition of two pellets
of potassium hydroxide,
(III) Procedure
The absorption tube was aligned properly to allow maximum
intensity of the light beam to pass through using the rotational,
horizontal and vertical adjustment knobs of the instrument.
The absorption tube was heated up electrically to approximately
1000°C, the temperature being determined by a thermocouple.
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An aliquot (1 ml) of the sample solution was pipetted
into the vial, which was then capped and the magnetic stirrer
was turned on. Then 1 ml of 1% (w/v) sodium borohydride
solution was injected into the vial through tubing K with
a syringe. The hydride was either forced into the absorption
tube through the side arm by injecting water through tubing K
or the hydride was just simply allowed to be carried by the
hydrogen generated during the reduction with sodium borohydride.
The peak height of the absorbance at 223.1 nm was read from
the recorder. The screw cap of the vial was removed and the
vial was rinsed three times with distilled water before the
rocedure was reeatedd
For each measurement at least three readings for three
1-ml aliquots of the solution were recorded and then averaged,
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CHAPTER SEVEN
RESULTS AND DISCUSSION
In the present method, no carrier gas was used to transfer
the hydride form the hydride generation vial into the
absorption tube. Peacock eta a113 allowed the hydrogen
evolved during the reduction by sodium borohydride to carry
the generated arsine through the nebuliser to a nitrogen-
supported hydrogen flame, and the integrated signals were
recorded. Our first attempt was to use the hydrogen evolved
during the reduction to carry the hydride from the hydride
generation vial into the absorption tube following the idea
of Peacock et. al 13.
(I) Hydrogen evolved as the carrier gas
The usefulness of the hydrogen evolved as the carrier
gas for the hydride was assessed by determining the precision
of the method. Since the acidity of the sample solution
affected the amount of hydrogen generated during the borohydride
reduction, the effect of acid concentrations was also studied,
The sample solution was made 0 to 0.15M in hydrochloric
acid, and 1 ml of the solution was reduced by 1 ml of 1%
sodium borohydride solution. The absorbance at 22301 nm
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under various acid concentrations were measured, and the
results are tabulated in Table 7-1.
Table 7-1: The absorbance at 223.1 nm of 1 ml of 40 ppb
of bismuth(III) solution reduced by 1 ml of 1%
sodium borohydride solution
Absorbance ofConcentration of Un-1Absorbance of
n-1
40 ppb Bi(III) a blankHCl (M)
0 00015 00010
0,020 0001516% 25%
0,020 0.010
0.05 Oo680 0.890
0,9220O 750 111%502%
0.740 0,9007
0010 0.620 00570
0.660 0.2300.1% 60%
0.21000700
O,17 >1.0>1.0
The results in Table 7-1 show that bismuth hydride
cannot be generated from a neutral medium. However, at an
acid concentration greater than 0.15M,water droplets were
observed to be swept into the side-arm of the absorption tube
by the hydrogen gas. No difference in signal was observed
for sample solutions 0.05M or 0.1M in hydrochloric acid.
%
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The precision for the determination of bismuth(III) in
0.05M or 0.10M hydrochloric acid was quite goods However,
the precision for the determination of the blank was poor.
The blank signals were high and the fluctuation was large.
The precision for the determination of the absorbance
at 22301 nm for the blank at 0.05M and 0m10M hydrochloric
acid concentration were done more carefully by making ten
replicate measurements of 1 ml of 0.05M or 0,10M hydrochloric
acid reduced with 1 ml of 1% sodium borohydride solution
and calculating the relative standard deviation. The
absorbance at 223.1 nm and the relative standard deviation
are collected in Table 7-2.
Similarly, the precision for the determination of a
10 ppb bismuth(III) and 40 ppb bismuth(III) in 0.1M hydrochloric
acid were determined and the results are tabulated in Table 7-3.
The precision for the determination of the absorbance
of the blank solutions.and the 10 ppb bismuth(III) solutions
were extremely poor. Furthermore, although the precision
for the determination of the 40 ppb bismuth(III) solution
was acceptable, yet data in Table 7-3 showed that the mean
absorbance for this solution and that for the 10 ppb bismuth(III)
solution were very close, and some individual absorbance
values for the 10 ppb bismuth(III) solution were even
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Table 7-2: The absorbance at 223.1 nm of the blank at
0.05M and 0.10M hydrochloric acid
Absorbance
0.10M HCl0.05M HClTrial no.
O.220.031
0.140.222
0.280,213
0.230.16
0.210.225
0.1200076
0.130.087
0.290.048
0.31O.029
0.030,0310
O.290.11Mean
Standard 0.086O.O82
n- 1
deviation
Relative standard
29.576.3
deviation n- l(%)
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Table 7-3: The absorbance at 223°1 nm of a 10 ppb bismuth(III)
solution and 40 ppb bismuth(III) solution in
0.1M hydrochloric solution
Absorbance
0 ppb Bi(III)10 ppb Bi(III)Trial no
0,560.441
0,540.662
0.620.253
0.620.184
0.530.265
0.590.676
0.540.677
00580.678
00580.469
o.580.3810
0.570.46Mean
Standard
ITn-1 0.030O o185
deviation
Relative standard
77.8 5022
()N-1(%)deviation
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greater than 0.57. It thus appeared that the use of the
hydrogen evolved as a carrier gasp' did not work,
(II) Transfer of the hydride b water displacement
Our second attempt was to force the generated hydride
into the absorption tube by water displacement similar to
that described by Hon et. al for the determination of
mercury 12. The reduc tan t was injected with a 5-ml syringe
into the vial through the Teflon tubing K (see Fig. 6-1)
and the 5-ml syringe was immediately replaced by a 10-ml
plastic syringe containing 5 ml of distilled water. After
ten seconds, the water in the syringe was injected quickly
and completely into the vial to force the hydride into the
absorption tube through the loner Teflon tubing J.
Low hydrochloric acid concentration was used so as to
avoid too much hydrogen being generated, otherwise hydrogen
might carry the hydride into the absorption tube before
water was forced into the vial.
The absorbance at 223.1 nm of 1 ml of a 40 ppb bismuth(III)
solution in 0.01M and 0.025M hydrochloric acid, and the
corresponding blank solutions were measured using the method
described above, and 1 ml of 1% sodium borohydride solution
was used. The results are tabulated in Table 7-4.
Table 7-4: The absorbance at 2131 nm of 1 ml of a 40 ppb
bismuth(IXI) solution reduced by 1 ml of 1%
sodium borohydride solution using water displacement
to transfer the hydride into the absorption tube
Concentration of
HC1 (M)
Absorbance of
40 ppb Bi(III
rn~1
Absorbance o
blank
Jn-1
0.010 0.48
0.40
0.75
3W
0.12
0.10
0.37
76%
0.025 0.80
0.75
0.71
6%
0
0.13
0.07
98%
Results in Table 7-4 show that the the precision for the
determination of the standard in 0.01OM hydrochloric acid
and blank solutions were poor. Furthermore, vhen the experiment
was repeated with the 40 ppb bismuth(III) in 0.025M hydrochloric
acid the next day, the average value of the absorbance at
223.1 nm vas 0.38 (compared with 0o75 obtained the previous
day) with a standard deviation of 23%. Not only was the
precision poor, but also the absorbance values obtained on
two consecutive days differed markedly.
In the course of the experiment, a pop sound was
always heard and blue flames were occasionally seen at both
ends of the absorption tube. The burning of hydrogen vas
suspected to give rise to the large background absorption
and the large fluctuation in signals Our next step was to
avoid the burning of hydrogen in air
(III) In situ generation of nitrogen
The hydrogen inside the absorption tube will burn if the
temperature in the tube is high enough and oxygen is present
in the absorption tube However temperature in the absorption
tube cannot be lowered too muchs otherwise the signal due to
bismuth will be very low® We tried to get rid of the oxygen
in the absorption tube by in situ generation of nitrogen in
the vial using the following reaction between nitrite ion
and sulfamic acid14:
The effect of the nitrogen generated in situ on the
precision of the method was studied by pipetting into the
vial 1 ml of the sample solution made 01M in hydrochloric
acid and 0.1M in nitrite, and 01 ml of 1M sulfamic acid was
injected into the vial with a 1-ml syringe which was quickly
replaced by a 5-ml syringe containing 1 ml of 1% sodium
borohydride solution; and the sodium borohydride solution
was quickly injected into the vial and the absorbance at
2231 nm was read® The results are collected in Table 7-7.
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Table 7-7: The effect of in situ generation of nitrogen on
the determination of bismuth(III)
Concentration Absorbance Mean on-1(%)
Blank 0.06, O.O4, 0.O8 0.06 33.3%
0.40 0.59, 19.5%20 ppb 0.55 0.51
0.32, 0.55, 0.44 22.2%O.4840 ppb
From Table 7-7, it can be seen that the nitrogen generated
failed to improve the precision of the method and the signals
obtained for the 20 ppb and 40 ppb bismuth(III) solutions
were practically the same.
(IV) Conclusion
Our various attempts to achieve reasonable precision
for the static-vapour atomic absorption method for the determination
of bismuth(III) failed, In fact, similar observations were
also found for the determination of arsenic and lead, The
erratic absorbance signals may be ascribed to the ignition of
hydrogen inside the absorption tube. It thus seems that
allowing the carrier gas to pass through the absorption tube
will be the only efficient way to prevent hydrogen from burning,
and consequently reproducible results may be obtained.
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PART III
ATOMIC-ABSORPTION DETERMINATION OF BISMUTH
USING A CAPPED VIAL AS THE
HYDRIDE GENERATION VESSEL
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CHAPTER EIGHT
INTRODUCTION
As mentioned in Part II, we originally planned to devise
a static-vapour atomic-absorption method for the determination
of hydride-forming elements after hydride formation using
bismuth as an example. Unfortunately, all attempts to
improve the precision of the determination failed. It thus
appeared that the carrier gas was indispensable, We then
changed our research plan, and the set-up used was modified
slightly to allow the carrier gas to pass through the system.
We still believed that the method would be more sensitive
than those reported previously since the hydride-generation
vessel was small and the dilution by the carrier gas could
be less serious if we used a low flow rate,
Smith' studied the interferences on the atomic-absorption
determination of hydride-forming elements with sodium
borohydride as reductant using an argon-hydrogen flame.
Pierce and Brown2 compared the inorganic interferences in
atomic-absorption spectrometric determination of arsenic and
selenium using manual hydride generation and three atomization
techniques, namely, argon-hydrogen flame atomization, heated
quartz tube atomization and graphite furnace atomization.
Interferences on the atomic-absorption spectrometric determination
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of bismuth using a flame-heated or electrically-heated
tube are not well studied.
The purpose of the present work was to develop an
atomic-absorption spectrometric method to determine bismuth
after hydride generation using electrically-heated quartz
atomization tube and a capped vial as hydride generation
vessel, carrier gas being used to transfer the hydride to
the absorption tube. The optimum conditions for the determination,
the sensitivity, precision and accuracy of the proposed
method, and the effect of foreign ions on the determination
are reported.
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CHAPTER NINE
EXPERIMENTAL
(I) Apparatus
Results were obtained by using a Perkin-Elmer Model 360
Atomic-Absorption Spectrophotometer, a Varian Techtron
bismuth hollow cathode lamp and a recorder used in the
10-mv range, The wavelength and bandwidth were set at
223.1 nm and 0.7 nm respectively. The lamp current was
8 mA and energy gain was 50. The burner head of the instrument
was removed and replaced by an aluminium plate. The
absorption cell was a T-tube, made form transparent Vitreosil
fused quartz (20 cm x 0.7 cm i.d.) and the side-arm had an
internal diameter of 0.4 cm. It was heated electrically
and. housed in a box made of asbestos to reduce heat loss.
The quartz tube assembly was mounted on the aluminium
plate (see Fig, 9 -1)
The generated hydride, contained in a stream of nitroge,
was introduced into the cuartz tube through the side-arm.
A Matheson Model 603 gas flowmeter was used to measure the
nitrogen flow rate.
The hydride generation vessel was an ordinary glass
vial (4.5 cm x 1.5 cm i.d.) with a screw-cap whose liner
.D
Ck A
(5
-E
0
J
Carrier
gas L-
NaBH
—K
G~
F
I
A: Absorption tube
B: Side-arm
C: Heating coil
D: Box made of asbestos plates
E: Aluminium plate
F: Hydride generation vial
(A®5 cm x 1«5 cm i.d.)
G: Silicone rubber
H: Magnetic stirring bar
I: Magnetic stirrer
J: PTFE tubing (23 cm x 2 mm oadG)
K: PTFE tubing (9 cm x 1 mm 0od»)
L: PTFE tubing (AA cm x 2 mm oM,)
HEjl 9-1
Schematic diagram for the apparatus
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was removed and replaced with a layer of silicone-rubber.
Three pieces of Teflon tubing passed through the screw-
cap. Tubing J (23 cm x 2 mm o. dm) connected the vial to
the side arm of the quartz tube and was the outlet for the
hydride. Tubing L (44cm x 2 mm o. do) had 3 cm of its lengtr
inside the vial and was connected to the gas flow meter,
which, in turn, was connected to a cylinder of nitrogen.
Tubing K (9cm x 1 mm o.d.) had about 3.5 cm of its length
inside the vial and was used for the injection of the
reductant with a syringe into the vial.
(II) Reagents
All reagents used were of analytical-reagent graded.
A stock solution containing 1000 p.p.m. of bismuth(III)
was prepared by dissolving 1.000 g of bismuth metal in a
minimum volume of 1:1 nitric acid and diluting to 1 litre
with 2% nitric acid. From this stock solution, standard
solutions containing 5 ppb, 10 ppb, 15 ppb, 20 ppb and 25 ppb
of bismuth(III) were prepared by appropriate dilution with
0.25M hydrochloric acid.
Sodium borohydride (sodium tetrahydroborate) solution
(1%, w/v) was prepared by dissolving 1 g of sodium borohydride
in 100 ml distilled water with prior addition of two pellets
of potassium hydroxide.
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(III) Procedure
The absorption tube was aligned properly to allow
maximum intensity of the light beam to pass through using
the rotational, horizontal and vertical adjustment knobs of
the instrument. The absorption tube was heated up electrically
to approximately 10000C, the temperature being determined by
a thermocouple. The nitrogen carrier gas flow rate was set
at an optimum value of 0.15 1/min.
An aliquot (1 ml) of the sample solution was pi petted
into the vial, which was then capped. The magnetic stirrer
was turned on, and nitrogen was passed for 10 seconds. Then
1 ml of 1% (w/v) sodium borohydride solution was injected
into the vial through tubing K with a syringe. The peak
height of the absorbance at 223.1 nm was then recorded. The
screw cap of the vial was removed and the vial was rinsed
three times with distilled water before the procedure was
repeated.
For each measurement at least three readings for three
1-ml aliquots of the solution were recorded and then averaged0
Calibration graphs were prepared using solutions
containing 0-20 ng/ml of bismuth(III) in 0.25M hydrochloric
acid. The content of bismuth in orchard leaves and steel
were determined by the proposed method using the standard
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addition procedure.
(TV) Digestion of standard reference materials
I. Orchard leaf (NBS SRN 1571)
The orchard leaves were dried at 85°C for 5 hours,
About 2.5 g of orchard leaves were weighed accurately, and
put in a crucible, and ignited at 200°C for two hours in a
muffle furnace. The temperature was then raised to 350°C
for another two hours. The crucible was cooled and the
content was wet with 10 drops of water and 5 ml of nitric
acid (1:1). The mixture was evaporated to dryness, and the
crucible was put into the furnace again and ignited at 350°C
for 5 hours. After cooling, the mixture was dissolved in
10 ml of hydrochloric acid (1:1). This solution was partially
neutralized with a solution of potassium hydroxide such
that the solution was 0,25M in hydrochloric acid when made
up to 25 ml.
2. Steel (NBS SRM AISI 4340)
Approximately 0.1 g of the steel sample was weighed out
and gently heated with 3 ml of a mixture of hydrochloric acid
and nitric acid (3:1) in a beaker. After initial reaction
had subsided, 2 ml of water was added and the mixture was
boiled for 2-3 minutes to complete dissolution. The mixture
was cooled and partially neutralized with a solution of
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potassium hydroxide such that the final solution was 0.25M
in hydrochloric acid when made up to 50 ml.
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CHAPTER TEN
RESULTS AND DISCUSSION
(I) optimization 01 experimental conditions
1, The hydride generation vessel
As for the determination of mercury3, a glass vial was
chosen as the reduction vessel because it is cheap and readily
available, and the internal volume can be quite small. It
was found3 that for the determination mercury the volume
of the displaced air had a marked effect on the peak absorbance
for a constant mass of mercury. The effect of the volume of
the displaced air on the peak absorbance for 15 ng of bismuth
was studied by adding 1 ml of 1% sodium borohydride solution
to four vials each containing 1.0 ml of a bismuth(III)
standard (15 ppb). These vials had the same internal diameter
but different heights. The internal volume of the vials were
determined by weighing the volume of water which they
contained. The volume of displaced air was deduced from the
difference between the internal volume of the vial and the
volume of liquid. The results obtained are shown in Table
10-1.
It can be seen that the volume of displaced air nad
negligible effect on the peak absorbance when the volume
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Table 10-1: The effect of the volume of displaced air on
the absorption signal at 223.1 nm of 1 ml of
15 ppb bismuth(III) solution reduced by 1 ml of
1% sodium borohydride solution at a nitrogen
flow rate 0.15 1/mina
Internal volume AbsorbanceVolume of
of vial (ml) displaced air (ml)
10 8.00 0.51
0.529.25 7.25
8.00 0.546.00
6,00 >1.04.00
droplets of solution entered the absorption tube
of displaced air was greater than 4 ml. The unusually large
signal obtained using the smallest vial can be attributed
to the water droplets, which were observed to be carried
through the outlet Teflon tubing into the absorption tube,
No attempt was made to dry the hydride as moisture traps
are known to produce undesirable memory effects. We chose
to use the vial with internal volume of 8 ml, which gave a
slightly larger signal,
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We have also found that the absorbance was affected by
the position of the tubing L (carrier gas inlet tubing)
inside the vial. Three distinct positions were chosen for
our study: (1) the tubing was dipped in the solution (i.e.
305 cm inside the vial) (2) the tubing was just above the
solution (i.e. 3 cm inside the vial) and (3) the tubing was
just outside the silicone-rubber lining (i.e. 0 cm inside
the vial). The results are shown in Table 10-2
Table 10-2: The effect of the position of the carrier gas
inlet tubing on the absorbance of 1 ml of
20 ppb Bi(III) solution reduced by 1 ml of
1% sodium borohydride solution, the flow rate
of nitrogen being 0015 1/min
Length of tubing inside Mean valueAbsorbance
the vial (cm
0.580, O.564, 0.542 0.5621) 3.5
0.610, 0,612 0.610 0.6112) 3.0
0 0.495, 0.488 0.496 0.933)
It can be seen that the highest absorbance value was
obtained when the tube was in position 2. Thus the tubing
was positioned just above the solution surface for all
subsequent experiments.
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2.The flow rate of nitrogen
We used nitrogen as the carrier gas because it is
comparatively cheap and is available locally. If the flow
rate of the carrier gas is high, the gas is expected to dilute
the generated hydride considerably and a low absorption
signal will be obtained. Furthermore, if the carrier gas
passes through the vial too rapidly, water droplets will
be easily carried into the absorption tube and causes
unduly high signals. However, if the flow rate of the
carrier gas is too low, the gas is not efficient to bring
the generated hydride to the absorption tube. Thus, the
effect of the flow rate of the carrier gas on the absorption
signal at 223.1 nm was studied. The results are collected
in Table 10-3 and the plot of absorbance against flow rate
is shown in Fig. 10-1.
Table 10-3: Effect of flow rate on the absorbance at 223.1 nm
of 1 ml of a 20 ppb bismuth(III) solution
Absorbance Mean valueFlow rate (1/min)
0.15 O.700 0.700, 0.730 0.710
0.21 0.612 0.608, 0.645 0.620
0.27 0.496 0.4930,495, 0,488,
0.32 0.458, 0.432, 0.472 0.454
0.38 0.400, 0,394, 0.415 0.403
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0.8
0.6
0.4
O.2
0
0.1 0.2 0.3 0.4
Flow rate of the c rrier gas (1/min)
Fig. 10-1
Effect of flow rate of carrier Ras on the absorbance
of 1 ml of a 20 ppb Bi(III) solution
Absirbance
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As expected, large flow rate led to low absorbance
signal. In our experiment the highest signal was observed
with a flow rate of 0.15 1/min. As it is difficult to
adjust flow rate lower than 0.15 1/min, we did not attempt
to lower the flow rate any further, and we fixed the flow
rate at 0.15 1/min for all subsequent experiments.
3. Effect of acid concentration
Both Thompson et. a.14 and Hon et. al5 found that the
response to bismuth(III) did not depend greatly on the
concentration of acid in the range of 1-4M when using sodium
borohydride as reductant.
The vial (volume, 8 ml) used here is far smaller than
that used by Thompson et.al (volume, 54 ml) or Hon et.al
(volume, 50 ml). When the sample solution was made 1M in
hydrochloric acid, still too much hydrogen was evolved and
water droplets were observed to be carried into the absorption
tube. These water droplets caused fluctuations in the
absorption signal and also caused the absorption tube to
crack. Subsequently the effect of hydrochloric acid
concentrations in the range of 0.1M to 0.3M on the absorbance
at 223.1 nm of 1 ml of a 20 ppb bismuth(III) solution was
studied. The results are collected in Table 10-4 and the
plot of the absorbance against various acid concentrations
is shown in Fig. 10-2.
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Table 10-4: Absorbance at 223.1 nm of 1 ml of a 20 ppb
Bi(III) solution reduced by 1 ml of 1% sodium
borohydride solution
Concentration of hydrochloric Absorbance
at 223.1 nmacid in solution (M)
0010 0.710
0.15 0.715
0.20 0.735
0.25 0.745
0.30 0.675
It can be seen that the concentration of hydrochloric
acid giving the highest absorbance value was 0.25M. At
higher acid concentration, lower absorption signal was
obtained, possibly owing to the fact that too much hydrogen
was evolved and the hydride was diluted excessively. When
the hydrochloric acid concentration was 0.1M, not only was
the signal reduced by about 5% compared with that at 0.25M,
but also the absorbance took longer time to stabilized,
i.e. it took approximately five seconds after injection of
the borohydride to stabilize compared with two seconds
when the solution was 0.25M in hydrochloric acid.
It seems that the conversion of bismuth(III) to its
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Fig, 10-2
Effect of hydrochloric acid on the absorbance at 223.1 nm
of a 20 ppb Bi(III) solution
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hydride is slower in hydrochloric acid concentration lower
than 0.25M. We made all sample solutions 0.25M in hydrochloric
acid for all subsequent experiments,
4. Effect of the concentration of sodium borohydride solution
The effect of borohydride was studied by measuring the
absorbance at 223.1 nm of 1 ml of a 20 ppb bismuth(III) in
0.25M hydrochloric acid solution reduced by 1 ml of sodium
borohydride solution, whose concentration varied from 0.1%
to 2%. The results are collected in Table 10-5 and the
plot of the results is shown in Fig. 10-3.
Table 10-5: The absorbance at 223,1 nm of 1 ml of a 20 ppb
bismuth(III) solution reduced with 1 ml of sodium
borohydride solution
Concentration o NaBH,(%. w/v) AbccrbancP at 223.1nm
O.10 0.480
0.25 0.660
0.50 0.670
1.00 0.675
1.50 0,675
2.O0 0.670
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It can be seen that for the bismuth(III) determination,
the sodium borohydride concentration was not critical in the
range of 0.25/ to 2.0% (w/v). However, a low absorption
signal occurred as the concentration was below 0.25/ (w/v),
owing to incomplete reaction in the presence of insufficient
reductant. We preferred to use a 1% borohydride solution
because it was relatively more stable and can be kept for
twoays if stored in a refrigerator.
5. The atomic line(s) used
The line usually recommended for the determination of
bismuth is 223.1 nm, which is, in fact the most sensitive
line for bismuth but is not very intense. On the other hand,
the 306 nm line is more intense but is less sensitive. To
evaluate which line is better for the determination of bismuth
using our proposed method, two calibration graphs were
prepared using the 223.1 nm and 306 nm lines, respectively.
The graphs are shown in Fig. 10-4 and 10-5, and the relevant
absorbance data are shown in Tables 10-6 and 10-7, respectively.
From the slope, m, of the calibration curve, sensitivity
(in ng/ml or ppb), the concentration of analyte giving 1%
absorption, can be calculated from 0.0044/m. Since the
sample volume used here was 1 ml, the sensitivity will also
be equal to the absolute sensitivity (in ng) numerically.
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Table 10-6: Absorbance at 223.1 nm of a 1 ml of a series of
bismuth(III) solutions in O.25M hydrochloric acid
reduced by 1 ml of 1% sodium borohydride solution,
nitrogen flow rate being 0,15 1/min
Concentration of i (TTT) (ppb) Absorbance
0 0.030
5 0.218
10 0.430
15 0,600
20 0.750
25 O.880
Slope (m, ppb-1) 0.0364
Intercept (on Y-axis) 0.0412
Correlation coefficient 0.9980
112
0.8
0.6
0.4
0.2
0
5 10 15 20 25
Concentration of bismuth (ppb)
Fig. 10-4
Calibration curve for the determination of Bi(III)
at 223.1 nm
Absorbance
113
Table 10-7: Absorbance at 306 nm of 1 ml of a series of
bismuth(III) solutions in 0.25M hydrochloric
acid reduced by 1 ml of 1% sodium borohydride
solution, nitrogen flow rate bein 0.15 1/min
AbsorbanceConcentration of Bi(III) (ppb)
0 0.020
0.1205
10 0.220
15 0.315
20 0,415
25 0,530
Slope (m, ppb-1)
O.0202
Intercept (on Y-axis) 0.0179
Correlation coefficient O.9996
The characteristics of the calibration graphs obtained
with these two atomic lines are compared and shown in
Table 10-8.
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Table 10-8: Comparision of the characteristics of the
calibration graphs obtained with the 223.1 nm
and 306 nm lines
Atomic absorption lines 223.1 nm 306 nm
0.0364 0.0202Slope (m, ppb-1)
Intercept (on Y-axis) 0.0412 0.0179
Correlation coefficient 0.9980 0.9996
0.220.12Absolute sensitivity( ng)
0- 20 0- 25Working range (ppb)
Results in Table 10-8 show that the 223,1 nm is the
more sensitive line and the absolute sensitivity obtained
for the determination of bismuth is about 1.8 times better
than that obtained with the 306 nm line. However, the
calibration graph obtained with the 306 nm line has a slightly
wider calibration range.
The detection limit for the determination of bismuth(III)
at 223.1 nm is defined as 2a/m, where m is the slope of the
calibration curve and is the standard deviation of ten
replicate determinations at or near blank level0 The absolute
detection limit is numerically equal to the detection limit
since the volume of solution used was 1 ml, The values of
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the absorbance at 223.1 nm of the blank solution were
0.05, 0.04, 0o02, 0o03, 0.02, 0.02, 0o02, 0.02, 0.02, 0.04,
with a standard deviation of 0.01077. Therefore, the absolute
detection limit was found to be 0.59 ng. Similarly, the
determination of the blank at 306 nm was also performed and
the data were 0.04, 0.04, 0.05, 0.04, 0.02, 0.02, 0.03, 0,02,
0.04, 0.02. The standard deviation was 0.01077 and the
detection limit was 1.07 ng. The larger value for the detection
limit at the 306 nm is caused by its lower sensitivity.
The 223.1 nm line is recommended for the determination
of bismuth(III) in view of the higher sensitivity and lower
detection limit obtained using this line compared with those
obtained using the 306 nm line.
(II) Precision studies
The precision for the determination of bismuth(III)
using the 223.1 nm line and the 306 nm line were studied.
The relative standard deviations for ten replicate measurement
of the absorbance of 1 ml of a 20 ppb bismuth(III) solution
reduced by 1 ml of 1% sodium borohydride were calculated.
The values of the absorbance are shown in Table 10-9.
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Table 10-9: Data for the precision study for the determination
of 1 ml of 20 ppb bismuth(II) at two different
wavelengths
navelengLn
Trial no. 223.1 nm 506 nm
1 0.730 0.415
2 0.680 0.440
0.7003 O.415
0.7104 O.425
0.7405 0.415
6 0.710 0.400
0.7207 0.400
8 0.730 O.425
0.7009 0.410
10 0.750 0,410
Standard deviation
0.021 O.O12
(on-1)
Average value
0.717 0.416
( X )
Relative standard
2.94 2.92
deviation(% on- 1)
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Results in Table 10-9 show that the precision for the
determination of bismuth(III) using both 223.1 nm and 306 nm
are practically the same.
(III) Interference studies
The criterion for an interference was an absorbance value
varying 5% from the expected value. A large number of
common anions, ions derived from the hydride-forming elements,
and cations which can be reduced by sodium borohydride
were examined by applying the method to 20 ng of bismuth(III)
dissolved in 1 ml of 0.25M hydrochloric acid and varying
concentrations of each ion being studied. One ml of 1%
sodium borohydride solution was used as the reductant.
Solutions of silver(I) and lead(II) were prepared by
dissolving the corresponding nitrates in water and in 1%
nitric acid solution respectively, Solution of SbO+ was
prepared by dissolving potassium antimony tartrate hemihydrate
in distilled water, Solution of arsenite was prepared by
dissolving the arsenious oxide in 20% potassium hydroxide
solution and neutralizing with sulphuric acid. Solutions
of, other metals or hydride-forming elements were prepared
by dissolving the elemental form in nitric acid except cobalt,
which was dissolved in hydrochloric acid. For the common
anions, the sodium salts were used
Results of the interferences studies are collected in
Table 10-10
Table 10-10: Effect of foreign cations and anions on the
determination of 20 ng of bismuth(III) in 1 ml
of 0.25M hydrochloric acid reduced by 1 ml of
1% sodium borohydride solution
Interferent Mount of element
added
Bi(III) found % error
( ng)
As (as H,As0,}
5 5 0.05 ,g 19.71
-1.45%
Ge (as GeO)
0.5 f S 19.45 -2.85%
5 fg 18.96 -5.20%
50 fig
0.5 mg
18.57
18.02
-7.15%
-9.90%
0.5
5 fg
50 fig
0.5 mg
19.64
19.20
18.55
17.82
-1.80%
-4.70%
-7.25%
—10.9%
Sb (as SbO+) 1 ng
5 ng
50 ng
0.5
19.14
18.91
18.73
17.73
-4.30%
-5.45%
-6.35%
-11.4%
Se (as H2SeO3)
Sn (as Sn+2)
Te (as TeO2)
Ag (as Ag+)
Ca (as Cd+2)
0.05 ng
0.1 ng
0.5 ng
5 ng
0.5 ng
1 ng
5 ng
50 ng
5 ng
50 ng
0.5 f,g
5 Ag
5 ng
50 ng
0.5 Ag
1 Ag
5 Ag
50 ng
0.1 Ag
0.25 Ag
0.5 Ag
5 Ag
19.56
18.98
18.27
16.96
19.35
19.06
18.47
17.73
19.01
18.47
17.14
6„ 48
20.00
19.13
18.48
17.86
14.75
19.25
19.07
18.73
18.11
1 6.60
-2.20%
-5.10%
-8.65%
-15.2%
-3.25%
-4.70%
-7.65%
-11.4%
-4.75%
-7.65%
-14.3%
-67.6%
0%
-4.35%
-7.60%
-10.7%
-26.3%
-3.75%
-4.65%
-6.35%
-9.45%
-17.0%
Co (as Co
Cu (as Cu
Fe (as Fe1
Ni (as Ni
Br
CI
CIO
C„0,
5 ng
50 ng
0.5 f'g
5 fg
50 fg
1 ng
5 ng
25 ng
50 ng
0.5 fg
5 fg
50 fg
0.5 mg
5 ng
50 ng
0.5 fg
1 fg
5 fg
5 fg
25 fg
50 fg
0.5 mg
0.5 mg
0.5 mg
19.69
19.58
18.98
13.12
10.90
19.10
18.1+3
17.92
16.08
19.72
19.20
18.76
18.29
19.22
19.06
18.20
17.23
8.12
19.10
18.50
17.86
20.00
20.00
20.00
-1.55%
-2.10%
-5.10%
-9.60%
-65.5%
-6.50%
-7.85%
-10.6%
-19.6%
-1.60%
-6.00%
-6.20%
-8.55%
-3.90%
-6.70%
-9.00%
-13.3%
-59.6%
-6.80%
-7.50%
-10.7%
0%
0%
0%
CrO
I
NO
PO,
s
so
so
,q_n.
1 ng
5 ng
50 ng
0.5 us:
0.5 mg
0.5 mg
0.5 mg
5 ng
50 ng
0.5 g
0.5 mg
0.5 mg
0.5 mg
19.02
18.55
17.65
17.25
20.00
20.00
20.00
19.08
18.43
16.50
20.00
20.00
20.00
-4.90%
-7.25%
-11.8%
—13.8%
0%
0%
0%
—4«60%
-7.85%
-17.5%
0%
0%
0%
I
Results in Table 10-10 show that there was no interfer¬
ence from 0«5 mg of PO, C10~5 S02}
NO, I or CI on the determination of 20 ng of bismuth(III).
All other interferents under study caused depressive inter¬
ference, However, up to 5 'g of germanium(IV), arsenic (III) 9
iron(II) s or bromide, and 05 'g of cobalt(II) and 0o1 g
of cadmium, and 50 ng of nickel(II) or silver(I) can be
tolerated. Chromium(VI), copper(II), antimony(III) and tin(IV)
interfered, and selenium seriously interfered with the
determination of bismuth(III),
(IV) Accuracy
The accuracy of the proposed method was checked by
determining the bismuth content in a steel sample (NBS SRM
AISI 4340) and orchard leaves (NBS SRM 1571) Although a
number of ions interfered with the bismuth determination,
yet Fleming and Ide found that good results could be
obtained by using a standard addition method
The steel sample was dissolved in a hydrochloric acid-
nitric acid mixture The orchard leaves were dry ashed around
350°C and dissolved in hydrochloric acid The bismuth content
in steel and orchard leaves were determined using the proposed
method and the standard addition procedureG The results are
collected in Table 10-11®
Table 10-11: Determination of bismuth content in steel and
orchard leaves
Sample Bi containec Bi found % error
Steel
(NBS SRM 4340) 4 x 1C 412 x 10
4«18 x 1G
29%
4,5%
Orchard leaves
(NBS SRM 1571) 0.1 gg 0.0984 gg
0.0976 gg
— 1© S%
-2 o 4
non-certified value
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The bismuth content for the standard reference materials
agree well with the reported values, demonstrating the
accuracy of this method,
(v) Conclusion
We have developed a sensitive and accurate method for
the atomic-absorption determination of bismuth(III) after
hydride generation, where a glass vial is used as the hydride
generation vessel and an electrically-heated quartz T-tube
as the non-flame atomizer, The 223.1 nm line was used.
The nitrogen flow rate was fixed at 0.15 1/min, and the
optimum acidity was 0o25M in hydrochloric acid and the
reluctant was 1 ml of 1% sodium borohydride solution,
After optimization, the absolute sensitivity (0.12 ng)
obtained by our method is better than those obtained by
other methods, as can be seen from Table 10-12.
The precision of the methods under comparision are
comparable. The detection limit is worse than those reported
by Thompson et.al. However, detection limit is affected
very much by the instrument used, and is not dependent on
the method alone.
By using a small hydride generation vessel, the glass
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Table 10-12: Comparision of methods for the atomic absorption
determination of bismuth(III) using the 22301 nm
line
Method Absolute Absolute Precision Working
sensitivity detection limit range
Conventional
0-50 nnm0039 lig 0®03 ppg
f lame?
Thompson
0.20 ng0.43 ng 3.9% 0-50 ppb
et.al4
Hon et.al5 0.40 ng 1.50 ng 4,4% 0-70 ppb
Present work 0 12 n 2.9%O9 n g 0-25 ppb
vial, and a low carrier gas flow rate, it is possible to
improve the sensitivity for the determination of bismuth(III)
markedly. It is expected the same will be true for the other
hydride-forming elements, and the method should be applicable
to the determination of these elements as well.
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